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表面增强拉曼散射（Surface-enhanced Raman scattering, SERS）主要基于可
在某些金属表面产生光电场增强的表面等离激元共振（Surface plasmon resonance, 
SPR）而具有检测表面物种的超高灵敏度。电化学 -表面增强拉曼光谱 






尚无从 EC-SERS 光谱开始、解析反应路径并 终获得反应的热力学、动力学能
量变化规律的例子。 
迄今通用的 SPR 模型并未考虑表面电子分布对表面光电场分布的影响，故





























1. 为了从理论及计算方法上准确的描述电极电势对 SPR 影响，我们将描述




号增强。我们由此可以研究不同电极表面的 SPR 活性和 jellium 电子的分布的方
法。我们利用吸附在 Ag、Au、Pd、Pt 的探针分子在极负电极电势下的 SERS 信
号的增强程度不同，提出分子和原子探针的策略。根据探针分子不同官能团到电
极表面的距离不同以及在不同电极电势下感受到的 jellium 的增强，我们可以利






分离静电场对吸附分子的新方法，研究分析了电极电势对 SPR 的影响。 








3. 根据我组之前关于 p-aminiothiophenol (PATP)可在激光光照下高效、选择
性地转化为它的偶氮衍生物(dimercaptoazobenzene, DMAB) 的 DFT 计算预测，
我们通过设计系统实验及表面质谱和 SERS 的表征，证实了上述预测。为了进一
步深入探讨该反应是否为 SPR 辅助的表面化学过程，我们通过控制激光的功率
















了 PATP 选择性转化为 DMAB 的机理。在空气中进行拉曼光谱实验过程中，在
SPR 的条件下，Au 或 Ag 电极表面产生的氧化物或氢氧化物可进一步促进 PATP
氧化为 DMAB，这一过程具有很低的活化能和较高的选择性。 



































Surface-enhanced Raman scattering (SERS) is highly sensitive to the surface 
species, which primarily originates from the giant enhanced optical field generated by 
surface plasmon resonance (SPR) on some metallic surfaces. Experienced the 
development in the past four decades, electrochemical surface-enhanced Raman 
spectroscopy (EC-SERS) has been one of a few powerful in-situ techniques for the 
investigation on the interfacial structures and processes. However, there are only a 
few successful instances since the discovery of SERS, because electrochemical 
reaction is more complicated compared with electrochemical adsorption. At the 
present stage, it is still difficult to study the delocalized or localized electron on the 
surface by experimental and theoretical methods. The difficulties in correlating the 
EC-SERS spectra with the surface species also limit the application of EC-SERS on 
mechanistic studies on electrochemical reactions. Therefore, there has been not any 
report on how to figure out the reaction pathways and obtain the thermodynamic and 
kinetic energy change for an electrochemical reaction according to the EC-SERS 
study.  
So far, the distribution of the electron on surface is still not included in the 
widely accepted SPR model. As a result, it cannot describe the potential dependence 
of SERS spectra. Recently, SPR was found to be capable to highly efficiently promote 
some heterogeneous and electrochemical reactions. But the mechanisms of the 
SPR-assisted reactions are ambiguous, which limits the application of SPR in 
promoting more reactions. Hence, it is highly desirable to carry out fundamental 
experiments and theoretical calculation to study the interaction between the molecule 
and the oscillated electrons excited by SPR in the electrochemical environment. 
In this context, we carried out systematic researches towards the above problems. 
At first, in order to fully utilize EC-SERS to study the electrochemical adsorptions 
















localized or delocalized electrons excited by the SPR in metal/molecule systems in the 
electrochemical environment via the correlation between the electron on the metallic 
surfaces and SPR. On the basis of the above potential dependence of SERS spectra, 
we tried to explore how to reveal the mechanism of the electrochemical reactions by 
convoluting electrochemistry, EC-SERS and DFT calculation. Meanwhile, in order to 
well correlate the SPR and the photon-driven reactions on the surface, we developed 
the Micro-EC-SERS method by combining the micro electrode and EC-SERS, and 
explore the mechanisms of the reactions on the metallic surfaces driven by the 
interaction between light and metals. In order to well understand the adsorption 
between molecules and the SPR-active surfaces, we also studied the interaction 
between the molecules and the roughened surface. The primary content and results 
include the following points: 
In order to well describe the potential dependent SPR in theory, we connected the 
electronic jellium model and optical Drude model for the calculation on SPR. We 
found the free-like electrons (electronic jellium) spill into the solution at the very 
negative potential, which results in the enhanced optical field around the molecules on 
the surface. The new mechanism as well as the increment of the polarizability results 
in the giant enhanced SERS intensity of the surface species (such as water) at the very 
negative potentials. In this case, we developed new method to study the SPR and the 
distribution of the electronic jellium on the metallic surfaces. We utilized the intensity 
of SERS of molecules on Ag, Au, Pd and Pt at negative potentials to measure the SPR 
and the distribution of the electronic jellium. According to the enhancement from the 
jellium on the functional groups on the molecules and the distance between the groups 
and electrodes, the extension of the jellium could be measured in a scale of angstrom.  
The results indicate the enhancement depends on the electronic structure of the 
electrode, especially the concentration of the free-like electron. The free-like electron 
of the electrode with a higher concentration could extend further and generate higher 
enhancement. (Ag>Au>Pd≈Pt) It also enriches the knowledge on the potential 
dependent behavior of the electron on electrodes. We also developed a method to 
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